INTRODUCTION
Sri Lanka and the Western Ghats of India have together been identified as one of the 25 'biodiversity hotspots' in the world (Myers et al. 2000) , and one of 11 global 'hyperhot' hotspots (Brookes et al. 2002) . Sri Lanka's Wet Zone contains a large proportion of the island's endemic flora and fauna (Crusz 1973 , Dittus 1977 , Erdelen 1988 , and yet this area contains only 5% of Sri Lanka's protected areas (Crusz 1973 , Santiapillai & Jayewardene 1999 . Most of the protected forest occurs in 5 highly fragmented reserves and the remainder of forest exists as around 60 small privately owned fragments surrounded by human habitation (Weerakoon 2001) .
Four allopatric subspecies of purple-faced langurs Trachypithecus (Semnopithecus) vetulus are currently recognised, all differing in cranial and pelage characteristics, as well as body size (Philips 1981 , Groves 2001 , Brandon-Jones et al. 2004 ). Endemic to the Wet Zone of Sri Lanka, the western purple-faced langur T. v. nestor is listed as Critically Endangered (A2cd+ 3cd+ 4cd) on the International Union for Conservation of Nature (IUCN) Red List (IUCN 2006 ). Forest cover in Sri Lanka has declined drastically since the late 1950s and the area of occurrence of T. v. nestor has ABSTRACT: The western purple-faced langur Trachypithecus vetulus nestor is a Critically Endangered primate endemic to Sri Lanka according to the International Union for Conservation of Nature (IUCN) . Its population decline is inferred mainly due to vast habitat loss. Few recent data are available regarding its distribution or abundance. The aim of our study was to assess the conservation status of T. v. nestor throughout its known historical range by establishing presence/absence and correlating these data with semi-structured interviews determining human perceptions and threats. Twenty-six sites were investigated, with presence of T. v. nestor being confirmed at 11 and indicated through questionnaires only at 2 additional sites. The present distribution of T. v. nestor is severely fragmented both locally and regionally. More than half of the populations comprised 1 or 2 groups only and, being isolated in a matrix of urban landscapes, are close to unviable. Conflicts between local people and T. v. nestor were identified at such sites, where reports of troops crop-raiding gardens and plantations were associated with negative perceptions. Consequences for crop-raiding langurs ranged from shouting to (infrequently) shooting and killing by dogs. Negative views towards T. v. nestor were significantly related to the length of time they spent in anthropogenic landscapes, while more positive views were significantly associated with the length of time T. v. nestor spent in forested areas. Evidence of local extinctions means that the remaining, yet increasingly fragmented habitat of the highly arboreal T. v. nestor is critical for survival. Intervention to manage this human-wildlife conflict is vital. An integrated approach using international and local conservation authorities is highly recommended. been reduced to a highly fragmented 1900 km 2 area in the western Wet Zone (Molur et al. 2003) . Subsequently, the subspecies has been included on the Top 25 Most Endangered Primates in the World list (Mittermeier et al. 2006 (Mittermeier et al. , 2007 . Molur et al. (2003) list the threats to this taxon as being infringement on range by crop plantations, grazing, shifting agriculture, timber and roads, soil loss/erosion and deforestation, poisoning mainly to prevent crop raiding, and hunting for traditional medicine and food. The projected population of Trachypithecus vetulus nestor is estimated to decrease by over 80% over the next 3 generations (Dela et al. 2002 in IUCN 2006 . Severe deforestation in its range has resulted in many groups being forced to live in remaining tree patches in urbanised areas, such as gardens and tree crop plantations (Dela 2004 , Mittermeier et al. 2006 , Eschmann 2007 . Recently, Rudran (2007) published the results of a 10 d vehicle survey of parts of the distribution range of T. v. nestor and recorded 9 groups of the species at 12 sites. Likewise, Nahallage et al. (in press) surveyed in the area from 2004 to 2007 and recorded 5 groups at 3 sites. In 2006, we conducted a more extensive 3 mo survey, covering the entire known distribution range of the species, collecting data additional to those reported by Rudran (2007) and Nahallage et al. (in press ). Furthermore, in 2007, we studied one of the largest populations. The aim of the survey was to gather data on the distribution and population sizes of the species, and to assess the perceptions of humans towards these primates in order to inform conservation policies.
MATERIALS AND METHODS
We selected 27 potential survey sites from historic and more contemporary sources (John 1795 , Forbes 1840 , Haeckel 1883 , Hill 1934 , Eisenberg & McKey 1970 , Philips 1981 , Molur et al. 2003 , Dela 2004 ) and surveyed them from May to July 2006 for a total of 53 d. In order to assess the presence or absence of langurs in an area, we used a combination of direct observations, vocal recordings, and data from local people (Ross & Reeve 2003) . In May to July 2007 we studied one of the larger populations for an additional 129 d to obtain data on group sizes and threats (Eschmann et al. 2008) .
Each historical locale was visited and, through semistructured interviews, assessed for the presence/ absence of remaining langur populations (Strayer 1999 , Gaidet-Drapier et al. 2006 , Pollock 2006 ). On average, 28 interviews were conducted for each location, with at least 16 interviews at sites where we did not find the species to be present, yielding a total of 735 interviews. Interviews were kept short (typically lasting between 5 and 10 min) and were carried out at the respondents' homes, farms or monasteries. To ensure independence of data, each interview was conducted separately (Lammertink et al. 2003) . The questionnaires were constructed simultaneously to collect data on human attitudes towards the langurs (Hill 1997) . The questions pertaining to the present study are listed in Appendix 1.
Irrespective of whether or not the interviews identified presence of Trachypithecus vetulus nestor, the site was surveyed for confirmation and, if the species was present, we collected data on group sizes. Their rarity and their occurrence in privately owned locations (such as gardens and plantations) did not allow us to conduct standardised surveys such as line transects (Buckland et al. 1993) . Non-systematic excursions on foot following available trails through villages, agricultural plots and forest patches were made. Their loud daily morning calls and habituation to humans in most areas (Eschmann et al. 2008 ) allowed for easy confirmation of presence. Group sizes were estimated by following a group as long as necessary to be certain that all individuals were observed; when this was not possible, we estimated a minimum group size (that is the number of individuals actually observed plus additional members that vocalised but that were clearly not among the individuals in sight) and a maximum group size (as with minimum group size adding individuals that were observed not simultaneously with the main group but that in all likelihood were not observed before, and individuals that were detected by other means). For each site we provide a range of population estimates, with the upper end value used in the analysis. Compared to other langurs (Semnopithecus, Trachypithecus, Presbytis) we have studied (Nijman 2000 (Nijman , 2004 , Nekaris & de Silva Wijeyeratne 2008, V. Nijman & K. A. I. Nekaris unpubl. data), western purple-faced langurs, because of their vocal nature, their partial habituation to human observers, and the visibility in the habitat in which they live, are amongst the easiest to observe. While our population figures are estimates, we are confident that they approximate well the real number of langurs in any given area. For all analyses, non-parametric statistics were used with significance accepted when p < 0.05 in a 2-tailed test (Zar 1999) .
RESULTS

Occurrence and population estimates
We identified 27 sites using records of historical distribution for Trachypithecus vetulus nestor. Four of these sites were not included in our survey: Tabbowa, Walagama and Muthurajawala were not visited, and at Panagoda we were not able to pinpoint the exact locality where the langurs could have occurred. Interviews identified 3 additional sites (Pugoda, Nissarana Forest and Talangama Wetlands), yielding a total of 26 survey sites. Due to logistical challenges, 2 sites (Kitulgala and Attidiya-Belanwila Forest) could not be surveyed on foot, but the presence of T. v. nestor at the latter site was confirmed through interviews. Of the remaining 24 sites, presence of T. v. nestor was confirmed at 11 of them. At a further 2 sites (Kottwawa and Galatura) T. v. nestor was not sighted, but interviews with local people indicated presence (Fig. 1 ). We report 8 additional sites, from a small area east of Colombo south to the Bolgoda Lakes (Nahallage et al. in press, G. de Silva Wijeyeratne pers. comm.), which we did not visit (Table 1) .
The median shortest overland distance between any 2 of the 22 sites where the species is present is some 8 km, with a range of 2 to 60 km. The median survey effort in areas where we did find the species present (2 d, total survey effort 129 d) was the same as that of areas where we did not find the species present (total survey effort 22 d). Only 4 out of 14 sites where Trachypithecus vetulus nestor was present (Labugama-Kalatuwawa, Nissarana, Ingiriya, and Attidiya-Belanwila) contained forest of more than a few hectares; the other sites were home gardens, villages, or non-forest land. Median maximum population size was a low 20 individuals or 2 groups, with the largest population comprising 72 individuals in 5 groups. No significant relationship was found between survey effort and maximum estimated population size (Spearman's rank correlation, r S = 0.14, N = 13, p > 0.60). The average group size (mean ± SD) was 9.3 ± 3.9 individuals (median 8, range to 19, N = 23). We found no relationship between survey duration and maximum group size (r S = 0.03, N = 10, p > 0.90).
Humans and langurs
Whether or not Trachypithecus vetulus nestor is present in an area is generally well-known to the local people, as a high agreement is found between presence/absence surveys through interviews and through surveys (Fisher's exact probability test, p < 0.001). A significant relationship between the percentage of respondents indicating presence of T. v. nestor in their area and maximum estimated population size (Spearman's rank correlation coefficient, r S = 0.65, N = 13, p = 0.02) shows that when more langurs occur in the area more people are aware of them.
The number of respondents that reported seeing Trachypithecus vetulus nestor daily is significantly correlated with maximum estimated population size (r S = 0.63, N = 13, p = 0.02), but maximum estimated population size has no influence on whether people hold positive or negative views towards protecting the langurs. Where the langurs spent their time according to the interviewees does influence people's perception towards them (Fig. 2) . A significant positive relation- ship occurs between the number of people who hold strong negative views towards the langurs and the time the monkeys spent in gardens and farmland (r = 0.67, N = 13, p = 0.01). Conversely, a significant positive relationship is evident between the number of people who hold strong positive views towards the langurs and the time the monkeys spent away from anthropogenic landscapes (r = 0.59, N = 13, p = 0.03).
Most interviewees had positive views towards the monkeys. Positive perceptions included acceptance of monkeys for religious reasons (11%) and believing that they were a part of nature (32%). Indeed, some residents liked the monkeys well enough to keep them as pets, which really should be considered as a threat to these primates. A quarter of all respondents considered Trachypithecus vetulus nestor a nuisance, primarily because of the langurs raiding on items such as jak Arctocarpus heterophylus, rambutan Nephelium lappaceum, banana Musa sexpientum and mango Mangifera indica. Destruction of roof tiles by monkeys and a perception by some respondents (8%) that the land belongs to humans also influenced negative attitudes. Local people used several deterrents to drive monkeys from their land, including throwing stones, shouting or setting dogs on them, using firecrackers and, albeit infrequently, shooting them. During our study 2 langurs were killed, 1 by a dog and 1 while crossing a power line (Fig. 3) . Interviews revealed that 7 langurs were shot by an outsider who had bought land and built a modern house in Talangama (S. Perera pers. comm. to G. de Silva Wijeyeratne). Reportedly in the first 4 mo of 2008, also in Talangama, the dog of a tenant killed at least 3 langurs (K. Conniff pers. comm. to G. de Silva Wijeyeratne).
DISCUSSION
Fragmentation and local extinctions
The population of western purple-faced langurs are just a fraction of what they once must have been. Closed canopy forest cover in Sri Lanka decreased steadily from ~80% in 1880 to ~25% in 2001, but within the range of the western purple-faced langur it has been close to 0 in the last decades (Ratnayake et al. 2001) . For the Wet Zone as a whole, Kumar et al. (1999) report that just 2% of undisturbed forest remains. Tea plantations, wet rice fields, rubber plantations, cinnamon and cardamom cultivations, home gardens (Gunatilake 1998) , and small remaining forest patches intersperse the villages and towns, constituting the matrix inhabited by western purple-faced langurs.
Of the 38 sites where Trachypithecus vetulus nestor must have been historically present (assuming that the 11 'new' sites were simply overlooked in the past and do not represent recent colonisations), we were able to survey 26 but found the species to be present in only 14 of them. Given the ease of detecting T. v. nestor, both by us and by local people, we believe that at some sites they have become locally extinct. Some of these populations may have gone extinct a long time ago, but others more recently. Panadura is a large town interspersed with home gardens that are visited by langurs. Due to the wide area covered by Panadura, we were not able to locate any langurs, but we understand they are still present and are the subject of an ongoing study by Dela (2007) . Rudran (2007) , during a 10 d survey of T. v. nestor in June and July 2007, reported an absence of this species in Ruwanwella. We did locate a troop comprising at least 4 individuals at this site in 2006. Either T. v. nestor has become extinct at this location within the year between these 2 surveys or Rudran (2007) failed to locate this small isolated troop. Eight of the remaining populations comprise 2 or fewer groups, and even if we somewhat underestimated their population sizes, we fear that these may not be viable even in the short term.
Trachypithecus vetulus generally avoids terrestrial locomotion (Hladik & Hladik 1972 , Eschmann 2007 , Moore 2007 ); hence its ability to move between forest fragments that are not connected by continuous arboreal pathways is likely to be limited. Ground paths, i.e. actual pathways that multiple members used to get from one locality within a troop's home range to another, often consist of local roads or open fields that separate parts of the home range. Ground paths are normally limited in length; those of 5 groups in Talangama, for instance, averaged 13.8 m (range 5 to 33 m), with each group using only 1 ground path in its home range (C. Eschmann & K. A. I. Nekaris unpubl. data) . At sites where forest patches are situated within an urban landscape (e.g. Talangama, Bandaragama, Pilayandala, Kottawa, Kaduwela), T. v. nestor used roofs and electrical cables to disperse, the latter action being a cause of mortality (see also Dela 2004) .
The 22 sites where Trachypithecus vetulus nestor is still present are distributed throughout the Wet Zone and each one of them is isolated from other occupied areas by kilometres of unsuitable urbanised land. Furthermore, within some sites (e.g. Pugoda, Ingiriya) habitat patches are isolated from one another, effectively separating groups. Dela (2004) reported low juvenile recruitment rates as a result of fragmentation. Even if we accept that we may have underestimated local population sizes, and we almost certainly must have missed some populations, taking into account demographic and genetic aspects, none of these populations may be viable in the medium long term (Templeton et al. 1990 , Li et al. 2007 ).
Our study is complementary and builds on those recently published by Rudran (2007) and Nahallage et al. (in press). There is a great deal of agreement between our results and those of the authors above, but also some disparity. We found 2 and 4 times as many groups as Rudran (2007) and Nahallage et al. (in press) , respectively, probably due to more focussed and lengthier surveys on our part. Nahallage et al. (in press) reported an average group size of 5.8 (range 4 to 7, N = 5) , whereas Rudran (2007) reported group sizes of Trachypithecus vetulus nestor (4.4, range 1 to 10, N = 9) to be smaller than those of T. v. monticola (8.9, range 3 to 14, N = 27) or T. v. philbricki (8.4, range 3 to 15, N = 33) . Our results for T. v. nestor (9.3, range 4 to 19, N = 21) indicate group sizes similar to that of the other taxa, suggesting that habitat loss has not yet influenced this population parameter. We did not find a significant relationship between survey effort and maximum group size, and Rudran's 2007 survey may have underestimated group sizes due to its shortness.
Human-wildlife conflict
Rudran (2007) suggested that the Buddhist principles of Sri Lankans residing in this area are a primary reason for the persistence of Trachypithecus vetulus nestor, suggesting the killing of langurs is rare (although he reports on the killing of 6 individuals 4 yr earlier). Dela (2004) , however, suggests that human tolerance is changing for the worse and cites not only the killing of a member of her study troop as an example, but also highlights poaching, road accidents and killing by residents' dogs as problems. These same threats were apparent in the study of Nahallage et al. (in press ), though they added use of T. v. nestor for medicinal purposes as another threat. In our study area in Talangama, over a 2 yr period, 2 deaths were observed and 10 langurs were reported to be shot or killed by dogs. This may be partially related to outsiders moving into areas where T. v. nestor is found. Some outsiders do not realise that in areas where the langurs reside it is better to go for flat roofing sheets rather than opting for tiled roofs. The latter are more decorative but easily damaged by langurs jumping on the roofs. Furthermore, G. de Silva Wijeyeratne (pers. comm.) noted that tenants and well-off Sri Lankans who are moving into suburban areas such as Talangama are opting for large, aggressive, dogs, which are status symbols or give them an enhanced sense of security against intruders. Langurs are more likely to be killed by these dogs than the traditional, village dogs, which are smaller in build. Although certainly not comparable to the intolerance shown to primates in other parts of the world (Hill 1997 , Fuentes & Wolfe 2002 , Paterson & Wallis 2005 , the total loss of habitat in Sri Lanka's Wet Zone inevitably leads to conflict even with the most tolerant of cultures, and this is exacerbated by people unaccustomed to langurs moving into langur-inhabited areas.
CONCLUSION
Population numbers of Trachypithecus vetulus nestor are critically low and severely fragmented, both between and within sites. Sri Lankan law protects all primates, including this one. It is obvious, however, that more proactive management of T. v. vetulus and its habitat is imperative to its survival. Given the dramatic reduction of habitat in Sri Lanka's Wet Zone in general and the almost complete oblivion of the habitat of T. v. nestor, its survival chance is slim. In order to safeguard the species, it is of utmost importance to quickly formulate a conservation strategy. A first priority would be to improve management of those areas already protected where T. v. nestor is present (Ingiriya Forest Reserve) and, furthermore, to locate and protect key new areas and corridors within the subspecies' range (Rudran 2007) . Protecting the larger populations to the full extent (large being a relative concept here) whether they are living in forested areas (e.g. Labugama-Kalatuwawe) or in villages (e.g. Talangama), and efforts to increase population growth may enhance the prospects of survival for these populations in the medium long term. In areas where langurs and humans do live in close proximity, and where human-langur conflicts have been identified (e.g. Bandaragama), ways to mitigate these conflict peacefully need to be explored. Langurs in almost all areas would benefit from forest restoration and establishing rope bridges between key areas within groups' home ranges (to avoid their using electric wires or crossing open roads) may be a way to reduce conflict and mortality. This is probably best achieved by an integrated project in which a dedicated and fully mandated conservation body cooperates with local and regional (conservation) authorities and local non-government organizations (NGOs), where needed with international support. It is to be hoped that one of the many local conservation NGOs that have emerged in Sri Lanka in recent years will take up the daunting task of instigating such an initiative. 
